Background: Three botulinum neurotoxin type A preparations (incobotulinumtoxinA, onabotulinumtoxinA, and abobotulinumtoxinA) are widely approved in Europe and in the US for the treatment of glabellar frown lines. The purpose of this study was to determine and compare the time to onset and duration of treatment effect of incobotulinumtoxinA, onabotulinumtoxinA, and abobotulinumtoxinA for the treatment of glabellar frown lines. Subjects and methods: Subjects aged 20-60 years with moderate to severe glabellar frown lines received one treatment of either 21 units (U) incobotulinumtoxinA, 21 U onabotulinumtoxinA, or 63 U abobotulinumtoxinA. Assessments were made over a period of 180 days. Onset of treatment effect was defined as the day that the observer noted a decrease in glabellar muscle activity compared with baseline photographs and videos. Duration of treatment effect was defined as the time until glabellar muscle action returned to the baseline level. Analyses were performed using a Weibull log(T) regression model.
Introduction
The use of nonsurgical aesthetic techniques has become increasingly popular with both women and men seeking proven solutions to reverse the signs of aging. Of the nonsurgical techniques now available, those involving the injection of Clostridium botulinum neurotoxin type A (BoNT/A) have become among the most popular over the past few decades, and the use of such techniques increased by nearly 4000% in the US between 1997 and 2011. 1 Vertical and horizontal hyperkinetic lines in the glabellar region of the face can give an erroneous impression of negative emotion 2 and are the most common areas targeted by BoNT/A preparations, which are injected into the procerus and corrugator muscles to lessen their action. 3 4, 5 IncobotulinumtoxinA is comprised of pure neurotoxin while other commercially available BoNT/A preparations, such as onabotulinumtoxinA and abobotulinumtoxinA, contain complexing proteins and are also likely to contain, in addition to the active neurotoxin, inactive or denatured neurotoxin/ toxoid, resulting in a higher antigen load that increases the risk of neutralizing antibody formation 6 and may cause treatment failure. [7] [8] [9] [10] The proven efficacy and safety of incobotulinumtoxinA, onabotulinumtoxinA, and abobotulinumtoxinA for the treatment of glabellar frown lines has been demonstrated in several clinical trials in which all three treatments were associated with high response rates. [11] [12] [13] [14] [15] [16] [17] Along with efficacy, time to onset and duration of effect are important factors that can influence subjects' level of satisfaction with their cosmetic treatments. Although numerous studies have investigated the efficacy of incobotulinumtoxinA, onabotulinumtoxinA, and abobotulinumtoxinA, only a few have focused specifically on their rapidity of onset of treatment effect. [18] [19] [20] Onset of effect of BoNT/A treatment is often described as "relatively quick" or "rapid", 12,14 but this parameter has not been assessed systematically on a daily basis following treatment; in most published trials, data were first obtained at variable time points, from 1 week postinjection, 12 to as long as 2 weeks [21] [22] [23] or even 4 weeks posttreatment. 16, 17 However, at these time points, the focus is often on efficacy rather than onset of effect. For incobotulinumtoxinA, results from randomized clinical trials have shown that improvement in the severity of glabellar frown lines is usually observed within 2 to 3 days after treatment, with maximal effect seen after 30 days. 24 Prager et al recently confirmed these results in a study looking specifically at onset and duration of effect in which subjects were treated with incobotulinumtoxinA and assessed for 5 months. 20 At maximum frown, high response rates of 95.2% (subjects with a $1-point improvement compared with baseline on a validated 5-point scale) and 85.0% (subjects with a $2-point improvement compared with baseline) were observed from 2 to 4 days after treatment. Overall, 84% of the maximal effect also occurred during this timeframe. 20 Similarly, a median time to onset of effect of 3 days was reported in a prospective, randomized, double-blind Phase III trial investigating a single dose of incobotulinumtoxinA. 25 An onset of effect described by the authors as occurring in the "first few days after treatment" has also been observed in a second, similarly designed, randomized Phase III trial, 26 and in a long-term study assessing a maximum of eight treatment cycles of incobotulinumtoxinA over a 2-year period. 27 Comparable times for onset of treatment effect have been reported for onabotulinumtoxinA and abobotulinumtoxinA. A study of onabotulinumtoxinA by Beer et al reported a rapid onset of effect (as assessed by subjects and physicians) in 45 women with moderate to severe glabellar frown lines; 77% of subjects and 87% of physicians reported onset of effect by day 2, but this subjective assessment of response was not correlated with facial wrinkle scale. 18 In a subset analysis of four randomized, double-blind, placebo-controlled Phase III trials involving 1160 subjects receiving abobotulinumtoxinA for the treatment of glabellar frown lines of at least moderate severity at maximum frown, subjects reported median times to onset ranging from 2 to 4 days; however, investigator assessments were not performed. 19 Duration of treatment effect is another parameter that is infrequently or inadequately investigated in clinical trials of BoNT/A preparations, with available evidence coming predominantly from single-agent, dose-ranging studies. 14, 15, 21, 22 In two dose-ranging studies investigating onabotulinumtoxinA in men and women with moderate to severe glabellar frown lines, longer duration of effect was associated with higher treatment doses (20, 30, or 40 U compared to 10 U in women; 40, 60, or 80 U compared to 20 U in men). 21, 22 Moreover, the duration of treatment effect tended to be more durable at rest compared to maximum frown. 21 Similarly, in a dose-ranging study of abobotulinumtoxinA (25 U, 50 U, and 75 U) conducted by Ascher et al, durable responses in glabellar frown lines (as assessed by the investigator at rest) were observed in 64%-76% of subjects at 3 months and in approximately one-third of subjects up to 6 months.
At maximum frown 3 months posttreatment, approximately 50% of subjects were responders (the effect of treatment persisted) with 50 U and 75 U doses but only 32.1% of subjects in the 25 U group were responders at this time point. 14 In a study comparing the efficacy of incobotulinumtoxinA with a 50% higher dose of onabotulinumtoxinA, half of a subset of 12 subjects followed up at 6 months posttreatment still showed at least a 1-point improvement compared with baseline on the Merz 5-point scale 28 following treatment with either incobotulinumtoxinA (equivalent to 20 U) or onabotulinumtoxinA (equivalent to 30 U). 29 Additionally, in the study by Prager et al, persistence of incobotulinumtoxinA treatment effect, defined as response of at least a 1-point improvement from baseline, was maintained in over 75% of subjects at 5 months postinjection. 20 Ultimately, time to onset and duration of effect are important factors that have a considerable influence on subject satisfaction with cosmetic treatments, with implications for cost and convenience. In spite of this fact, few studies have compared the onset and duration of effect of incobotulinumtoxinA, onabotulinumtoxinA, and abobotulinumtoxinA. The aim of this study was to investigate whether these BoNT/A preparations display differences with regard to onset and duration of effect when used in a 1:1:3 dose conversion ratio. A further aim was to precisely determine for each product the time point during the first week after treatment at which the onset of effect occurred and how long the effect lasted.
Materials and methods
This was a double-blind, randomized, single-center study that took place between 2008 and 2011. The study was conducted according to the principles of the Declaration of Helsinki 1975, and consent was obtained from all participating subjects. Eligible male and female subjects met the following inclusion criteria: age 20-60 years, glabellar frown lines with a score of 1-3 (mild to severe) at maximum frown on the validated Merz 5-point scale (Figure 1 ), 28 and either no prior BoNT/A treatment or previous treatment at least 1 year prior to the start of this study. Since the Merz 5-point scale was not available at the start of the study, photographs and videos for all subjects were reevaluated in 2012 using this scale for the analysis. Exclusion criteria included: presence of very severe frown lines, facial asymmetry, contraindicated medications (eg, anticoagulants), prior allergic reaction to BoNT/A treatment, prior injection into the glabellar area within the last year, infection or inflammation, pregnancy, and breastfeeding. Eligible subjects were assigned to groups of 60 and then randomized, using the randomizer program available at the Medical University of Graz (http:// www.randomizer.at), to receive treatment with either 21 U incobotulinumtoxinA, 21 U onabotulinumtoxinA, or 63 U abobotulinumtoxinA; this represented a 1:1:3 dose ratio, which was the recommended conversion rate at the time of preparation of the study protocol. 30 Vials of 100 U of incobotulinumtoxinA and onabotulinumtoxinA were reconstituted as per the manufacturer's instructions, with the exception that the volume used was only 1.0 mL. One 500 U vial of abobotulinumtoxinA was reconstituted in 2.0 mL. The injection volume was 0.21 mL for 21 U incobotulinumtoxinA or onabotulinumtoxinA and 0.25 mL for 63 U abobotulinumtoxinA. In order for the injecting physician to remain blinded to the product used, an assistant prepared the products for injection using special syringes ( Figure 2 ) that did not have volume graduations but only had markings to show how much to inject per site. Therefore, the injection volumes were sufficiently similar regardless of treatment, to preserve the blinding of the injecting physician. Injection sites used are shown in Figure 3 . Doses were chosen following previous investigations to identify the optimal number of units to inject with respect to muscle anatomy. The best results were achieved using 5 U for incobotulinumtoxinA or onabotulinumtoxinA and 15 U for abobotulinumtoxinA injected into the belly of the procerus and corrugator supercilii muscles. These doses were also chosen as they appeared to result in a longer duration of effect in men. Subjects attended 11 assessment visits to the clinic, on days 2, 3, 4, 5, 6, 7, 8, 90, 120, 150, and 180. Standardized digital photographs and videos were taken at each visit at a focal distance of 40 cm (Nikon D800 camera, [Nikon Corporation, Tokyo, Japan]). The onset of treatment effect was defined as the day on which the observer (injecting physician) and one other physician noted a decrease of at least 1-point on the Merz 5-point scale compared with baseline (day 1). This was done by comparing the glabellar muscle activity of the subject at each visit with the video showing their baseline muscle activity prior to treatment. The duration of treatment effect was defined as the time until the observer first reported that the muscle action had returned to the same level as that seen at baseline (by comparison with the baseline video of glabellar muscle activity).
Safety
Safety assessments were conducted at each visit and any adverse events were recorded.
Statistical analysis
Analysis of the time to onset of treatment effect and recovery of muscle activity was mainly performed using statistical survival analysis methods. This included the simple regression model log(T) = x'β + σZ, with the response variable T describing the occurrence of the event of interest in days, x'β being the linear predictor containing treatment and sex information, and Z, a random variable from a specified distribution (eg, normal, lognormal, or Weibull distribution). To examine whether the time point of return to baseline glabellar muscle activity was dependent on time to onset, as before, a Weibull log(T) regression model was used. In addition, the time to onset information was allowed as a predictor of the time to recovery of glabellar muscle activity.
Results
Fifty-one female and nine male subjects were included in each of the three treatment groups, resulting in a total of 180 subjects. One female subject in the onabotulinumtoxinA group was excluded from the analysis due to failure to respond (in order to establish and compare the onset and duration of effect of the different products, it was essential that an effect was demonstrated). Subject demographics and baseline characteristics are shown in Table 1 . All subjects had a normal body mass index (BMI 18.5-25 kg/m²), were Caucasian, and had glabellar frown lines that were symmetrical. At baseline, a total of 26 subjects had a score of 1 on the validated Merz 5-point scale, 136 subjects had a score of 2, and 18 subjects had a score of 3.
Onset of treatment effect (assessed by the injecting physician)
Data for onset of treatment effect were available for 179 subjects. Under the assumption of a Weibull model for log(T), the median values for time to onset of treatment effect were estimated ( Table 2 ). The hypothesis that all three treatments have the same median time to onset was rejected (P , 0.0001) and treatment identity was a significant primary predictor of time to onset. When subject sex was added to the model, a significant prediction was still obtained (P = 0.02), indicating that after allowing for the effect of the three different treatments, there was also the additional effect of sex on the median time to onset. Therefore, there was a significant difference between male and female subjects in time to onset submit your manuscript | www.dovepress.com of effect, with female subjects experiencing an earlier time of onset compared to male subjects. In females, the median time to onset was 3.02 days for incobotulinumtoxinA, 5.29 days for onabotulinumtoxinA, and 5.32 days for abobotulinumtoxinA; the corresponding data for male subjects were 3.36, 5.89, and 5.93 days, respectively. KaplanMeier curves for time to onset of treatment effect in female and male subjects are shown in Figure 4 . These curves were generated under the presumption that a treatment onset event
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had not yet occurred.
Duration of treatment effect (assessed by the injecting physician)
To aid comparison with the time to onset analysis, the time until glabellar muscle activity returned to the baseline level was also analyzed using a Weibull model. The calculated median values for return to baseline levels, based on subject sex and treatment, are shown in Table 3 . When analyzing the data under a Weibull assumption, the hypothesis that both sexes have the same median duration was rejected (P , 0.0001), with sex being the primary predictor of treatment duration. The addition of treatment identity had only a small influence (P = 0.0735). Interestingly, this is the reverse of the situation for onset where treatment identity was the primary predictor for time to onset. Male subjects returned to the baseline glabellar muscle activity level at earlier time points (range, 115.81-121.14 days) than female subjects (range, 139.69-146.12 days). On the basis of median values, incobotulinumtoxinA appeared to have a longer duration of effect than onabotulinumtoxinA and abobotulinumtoxinA ( Figure 5 ).
Interestingly, eight subjects (four from the incobotulinumtoxinA group and two each from the onabotulinumtoxinA and abobotulinumtoxinA groups) still showed an effect at day 180. All of these subjects were among the 26 subjects who were BoNT/A treatment naïve, and all had mild glabellar frown lines (with a score of 1 on the 5-point scale) at baseline.
Dependence of duration of treatment effect on time to onset of effect
A Weibull regression model for log(T) was used to investigate whether duration of effect was dependent on time to onset of effect. Time to onset information was allowed as a predictor in the model for recovery to baseline glabellar muscle activity levels. The analysis revealed that time to onset of treatment effect is not a predictor for the duration of effect.
Safety
Following treatment, only two subjects reported mild bruising, which resolved within 2 to 3 days. No serious adverse events were reported and there were no treatment-related discontinuations.
Discussion
This study was conducted to investigate whether there are differences in the onset and duration of effect of three approved BoNT/A preparations, incobotulinumtoxinA (21 U), onabotulinumtoxinA (21 U), and abobotulinumtoxinA (63 U), in the treatment of glabellar frown lines. Notably, the study aimed to pinpoint precisely, using an objective assessment submit your manuscript | www.dovepress.com Dovepress Dovepress method, the time point during the first week after treatment at which the onset of effect occurred for each product, and how long the effect lasted. This is important since, in the majority of BoNT/A studies, time to onset of effect has been reported solely by subjective patient self-assessments.
Results from the present study showed that subjects treated with incobotulinumtoxinA had a significantly earlier onset of effect than those treated with either onabotulinumtoxinA or abobotulinumtoxinA. The faster onset of effect with incobotulinumtoxinA was seen despite the relative dose chosen for abobotulinumtoxinA being considerably higher than that recommended by its manufacturer (50 U for glabellar frown lines). The observed difference in time to onset of effect between the products may be due to a number of factors. The possibility that some BoNT/As contain denatured or inactive neurotoxin in addition to active neurotoxin 6 may account for the slower onset of effect of this product as these components may compete with the active neurotoxin for binding sites on the surface of nerve terminals at the neuromuscular junction. This in turn might reduce the rate of internalization of active neurotoxin and delay the onset of action. It has been postulated that incobotulinumtoxinA contains active neurotoxin only 6 and this might explain the more rapid onset of effect seen with incobotulinumtoxinA, as the active neurotoxin would not be competing with denatured or inactive neurotoxin.
With all three products, female subjects experienced a more rapid onset of effect than male subjects. This finding is unsurprising, as men have larger muscles and require higher doses than women 21, 22 in order to avoid an "underdose" situation in which the onset of effect occurs slightly later. The current study demonstrated that the duration of treatment effect was slightly longer for incobotulinumtoxinA compared to onabotulinumtoxinA or abobotulinumtoxinA, with female subjects experiencing a longer duration of effect than males. We have also demonstrated that there is no relationship between the time to onset of effect and the expected duration of effect.
For incobotulinumtoxinA, the time to onset of effect recorded in the current study is in line with results from a randomized, placebo-controlled Phase III trial, that reported onset of treatment effect at 3 days postinjection. 25 The onset of effect times for onabotulinumtoxinA and abobotulinumtoxinA recorded in this study were slightly longer than those reported in previous studies; however, there are possible explanations for these differences. For instance, in an earlier study that reported a more rapid onset of effect for onabotulinumtoxinA, 48% of subjects noted treatment onset by day 1. 18 However, this rating was obtained in response to the question, "Since being injected have you noticed any effect on the appearance of your frown lines (lines between the eyebrows)?" and was not correlated with a facial wrinkle rating scale. 18 Therefore, some ambiguity may exist with regard to the exact definition of treatment onset according to subjects. In addition, the current study used a different indicator of onset, a decrease in muscle activity compared with baseline and in this study onset was observer assessed and not subject assessed. For abobotulinumtoxinA, a median time of onset of 2−4 days was reported by Schlessinger et al, but these results were obtained from patient self-assessment diaries that were not substantiated by investigator assessment. 19 Additionally, the dose conversion ratio of 1:3 for abobotulinumtoxinA that was chosen in the current study was based on that used in older studies in therapeutic indications, 30 and was in the middle of the range of relative strength of action for cosmetic indications. 31 The abobotulinumtoxinA dose of 63 U was higher than the 50 U dose currently recommended for glabellar frown lines. 32 Indeed, dose conversion ratios of less than 1:3 (such as 1:2.5) are considered to be more appropriate now. 33 The use of a higher concentration in this study may affect the outcome. Differences in study population and the methods of measuring onset of treatment effect between trials mean that caution should be applied when comparing the results of different studies.
Regarding duration of effect, it is also difficult to compare the results from the present study with those from earlier dose ranging studies. Herein, we used the mean number of days before relapse to determine treatment duration, whereas in previous studies, duration was measured using the percentages of responders at specific time points. 14, 15 In studies that reported duration of effect conservatively (as a return to baseline on two consecutive visits approximately 30 days apart), the duration of effect of BoNT/A was 3−6 months or longer for women, 21 at least 3−4 months for most men, and up to 6 months in some. 22 This finding is similar to that reported in the present study and suggests that the effect of treatment may last longer in women; however, it is important to bear in mind that these dose ranging studies used higher doses in men compared with women, and that a dose dependent effect on duration was observed in men. We did not find a correlation between strength of response after day 30 and duration of effect.
It is interesting to note that almost one-third of the treatment-naïve subjects (8 of 26 subjects) still showed a response at day 180. These eight subjects also had mild wrinkles at baseline and very thin corrugator muscles; it is possible that these factors contributed to the longevity of the response in these subjects.
A limitation of the current study is that observations to assess treatment duration were only performed at four individual time points (90, 120, 150, and 180 days after treatment) and censored information was not available for time periods between those four study visits; therefore, the results for duration of effect need to be interpreted with caution. Differences in study design may account for the differences in median time to onset and duration of treatment effect reported in this and other studies, emphasizing the importance of a large study that directly compares these parameters. To the authors' knowledge, this is the first large study comparing the onset of treatment effect between incobotulinumtoxinA, onabotulinumtoxinA, and abobotulinumtoxinA by physician assessment daily for 7 days following injection.
Conclusion
The results of this study indicate that incobotulinumtoxinA, at the minimal dose of 21 U, has a faster onset of effect than either onabotulinumtoxinA (21 U) or abobotulinumtoxinA (63 U) for treatment of glabellar frown lines. For all three BoNT/A products, female subjects experienced a more rapid onset of effect than male subjects, and also a slightly longer duration of treatment effect, when a similar dose is applied. Clinical, Cosmetic and Investigational Dermatology is an international, peer-reviewed, open access, online journal that focuses on the latest clinical and experimental research in all aspects of skin disease and cosmetic interventions. All areas of dermatology will be covered; contributions will be welcomed from all clinicians and basic science researchers globally. This journal is indexed on CAS. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. 
